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International Journal of Science Education 
RESEARCH REPORT 
The Use of the Internet in Science Teaching: A Longitudinal Study 
of Developments in use by Student Teachers in England 
 
This paper reports on a longitudinal study of developments in use of the Internet by science student teachers 
on Post Graduate Certificate of Education (PGCE) courses in five higher education institution – schools 
partnerships in England. These are one year, full time, teacher training courses for graduate scientists. The 
aim of the research was to examine changes in attitudes to, and use of, the Internet to support science teaching 
and the perceived challenges and barriers to practice in schools, against a background of high national 
expectations reflected in the qualification standards of the teacher education courses (TTA, 2002). The 
research has involved nearly 600 student teachers, representing between 7% and 8% of those training on 
PGCE science courses in England, and has employed mixed methods, with questionnaires serving as the main 
basis for analysing trends, and focus groups and case studies used to gain deeper insight to the particular 
issues identified.  The process has been an iterative one, with the outcomes of each year’s research being used 
to inform further research and course developments in the institutions involved. The findings indicate that 
attitudes and confidence in use of the Internet have improved over the period, with evidence of increased 
application directly in the classroom. However, in addition to some of the generic technological issues that 
may hinder developments in the use of ICT in schools, there are continuing concerns relating to limited 
pedagogical guidance and availability of good role models. The implications of this for developments in 
science teacher education programmes are discussed. 
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Introduction 
 
Governments across the world have been keen to promote the use of Information and Communication 
Technology (ICT) in schools and the UK has been no exception (DfES, 2002). This emphasis on ICT is 
underpinned by an increasing body of research indicating that teaching and learning is promoted in schools 
that make good use of ICT resources and such research makes strong reference to the affordances of the 
Internet (BECTa, 2001, 2002; DfES, 2003a; Osborne & Hennessy 2003). Set against this, some have 
questioned the benefits of the use of computers in schools and concerns have been raised about ineffective use 
of the Internet (e.g. Brabazon, 2002, 2005; Cordes & Miller, 2000). There has also been a continuing 
frustration at the apparent slow uptake of ICT in some schools, and science has been no exception in this 
regard (Poole, 2000).  
As in many countries, the government in England has sought to embed its expectations concerning the use of 
ICT within their training frameworks (TTA, 2002) and through the financing of organisations and websites 
designed to support practising teachers (e.g. NGfL, 2002). Alongside this, a lot of money has been allocated 
to the development of ICT facilities in schools. In terms of the Internet, virtually every secondary school now 
has access and by 2003 86.5% of computers were already connected to the Internet, an average of about 150 
per school at the start of this research project, more than five times those available in 1999 (DfES, 2003b). 
This survey also reported that 82% of teachers expressed confidence in their ability to use ICT, compared to 
70% just two years earlier. However, more detailed research findings have continued to show that many 
teachers still lack confidence in their use of ICT (DfES, 2001, Selinger & Austin, 2003) and such evidence 
mirrors that found by investigators in other parts of the world (e.g. Kirshner & Selinger, 2003). It is also 
interesting to note that the DfES (2003b) survey found that only 57% of teachers were making regular use of 
ICT in their subject teaching, a figure that had remained fairly static for two years. The survey did not probe 
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into the nature of such use in depth, but the numbers making regular use directly in the classroom were likely 
to be significantly lower than 57%, as were those who access the Internet on a regular basis. This assertion of 
limited use of the Internet in current practice in schools is supported by data from the recent, large scale 
Impact2 study (Harrison et al., 2003) which notes that at both Key Stage 3 (11 to 14 year olds) and Key Stage 
4 (14 to 16 year olds) the most common answer to how often pupils used the Internet in lessons was ‘never’ 
and the combined figures for ‘hardly ever’ and ‘never’ were 84% and 79% at each key stage respectively. 
Regular use was only reported by an average of about 4% of pupils (Harrison et al., 2002).  
The challenges facing the practising teacher in respect of integrating new technology into their teaching are 
well documented (e.g. Norum, Grabinger & Duffield, 1999; White, 2000). These challenges mean that even 
those willing to embrace change often face pressures of time and lack of resources or training which mitigate 
against development. Set against such challenges, it is no surprise to find that research shows that, far from 
leading to major shifts in pedagogical practices, rather that the technology itself is moulded to current practice 
(Goodson & Mangan, 1995). Watson (2001) has argued strongly for a shift to considering ‘pedagogy before 
technology’ and many researchers have stressed the need to rethink the role of the teacher in engaging with 
new technologies (e.g. Scanlon, 1997; White, 2000; John & Sutherland, 2004).  This moulding to current 
practice can probably be further understood if initiatives appear to be led by the technology and comes from 
the kind of top down decision making prevalent in some countries, of which England is an example. In such 
circumstances teachers are unlikely to embrace the possibility of changing pedagogies, especially if there is 
little tradition of discussing pedagogy, something which is, again, a characteristic of many schools in England. 
Simon’s (1980) paper on this issue probably remains as relevant today as it was then. 
Alongside this, the models adopted in curriculum development terms have often also been of a transmissive, 
top down nature, which would seem to be a contradiction in terms to some of the ways the instruments 
themselves are supposed to transform teaching.  This was true of many of the New Opportunity Funding 
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(NOF) training models (NOF, 2002), which used £230 million of National Lottery money over the period 
2000 – 2003 in seeking to develop the ICT skills of practising teachers and the ineffectiveness of some of the 
models has been reflected in many evaluations and surveys of impact. However, those trainers who adopted a 
more collaborative, constructivist approach, requiring work with whole departments and building on current 
departmental practice, such as that provided by the science consortium, were much more successful (Rogers 
& Finlayson, 2003). Overall, it is clear that the lessons learned from NOF training showed that for practising 
teachers the challenges for change are great, so it is all the more so for beginning teachers facing a multitude 
of other challenges and fears. 
As teacher educators it is our responsibility to prepare our student teachers to enter the educational landscape 
described above and respond to the challenges faced. Thus, in terms of the Internet, we must ensure that they 
have an understanding of the debates concerning its use as a tool for teaching and learning and how such 
debates might inform possible use, the technical skills required and any pedagogical issues specific to the 
Internet, all against a background of limited understanding of the teaching and learning issues associated with 
the Internet and limited use within schools but strong pressure from government agencies and inspection 
regimes to develop ‘competence’ in order to meet defined standards. This is certainly a challenge and in 
response to concerns about the preparation and competence of our own student teachers, a group of science 
tutors in five partnerships of schools and Higher Education Institutions (HEIs) in England set up a research 
project to investigate the current situation in their partnerships.  
The five partnerships work with students on one year, full time, secondary level, Post Graduate Certificate of 
Education (PGCE) courses. Students are from a range of science degree backgrounds, have chemistry, physics 
and biology specialisms, and are taught on a cohort basis in a mixture of separate and mixed subject 
groupings. In line with national expectations, they spend 60 days at the HEI and 120 days in school 
undertaking teaching practice. In England there are close partnerships between the HEIs and the schools, with 
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a mentor in the school practicum for each student teacher. The mentor is jointly responsible, with the tutor 
from the HEI, for organising, supporting and assessing the student teachers’ teaching practice. However, even 
if the tutors themselves are clear about all the issues, affordances and transformations to practice possible 
through the use of the new technology, and our personal view based on our own experience is that they are 
not, the large proportion of time spent in schools presents further challenges in terms of the tutors’ role. An 
additional consideration is that the time given to the mentors to fulfil their role is itself small and, as described 
above, these mentors may often be the very teachers who are themselves struggling to come to grips with the 
new technology, yet who are expected to take a leading role in supporting the student teachers.  
The initial work formed part of a project funded through ESCalate (Twidle, Sorensen, Childs, Godwin & 
Dussart, 2006) and led on to further work funded through the British Educational Communications and 
Technology Agency BECTa (Twidle, Childs, Dussart, Godwin and Sorensen., 2005) and the continuing 
longitudinal study reported in this paper. The broad aims of this work have been to: 
• examine the starting competences and attitudes to the use of the Internet of student science teachers on 
one year PGCE courses; 
• identify barriers to progress in the use of the Internet with pupils in the classroom; 
• develop models of support within the PGCE courses which seek to overcome the barriers identified; 
• develop and share models of pedagogical practice; 
• analyse and evaluate changes in practice over time. 
 
Methods and Sample 
This longitudinal investigation has involved five HEIs and their partnership schools over a four year period 
and has employed mixed methods in seeking to both determine trends and examine practice in depth. The 
institutions include long established universities, newer universities and a university college moving to 
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university status. All are regarded as being strong training institutions. Each cohort has included between 128 
and 166 student teachers, representing between 7% and 8% of all science students training in a particular year. 
The breakdown of students according to specialisms (biology, chemistry or physics) was similar to the 
national statistics for each year of the research. 
A range of strategies, involving focus groups, questionnaires, and case studies of practice were employed to 
examine particular questions developed to meet the main aims of the project (see below). These research 
methods were further refined in the light of each phase of the investigation. The research was set up on the 
basis of faculty tutors researching into student teachers’ attitudes and use of the Internet but further 
developments and linked projects during years three and four led to mentors being more directly involved in 
the investigation. Table 1 shows the numbers involved in different phases of the research. 
 
[Insert Table 1 here] 
 
The longitudinal study was framed by an initial investigation during year one of the study, examining attitudes 
and use of the Internet. This involved focus groups of university tutors and student teachers and case studies 
of practice to examine key questions to be considered in the research. These centred on the following areas: 
1. What was the current use of the Internet by students?  
2. What levels of confidence did students have in their use of the Internet? 
3. What was the current use of the Internet by other science teachers?  
4. What constraints existed that prevented students from using the Internet? 
5. What perceptions did students have of the potential for the Internet as a tool to support their teaching? 
6. What perceptions did students have of their success in using the Internet and how did they analyse 
such success? 
Deleted:  
Page 6 of 39
URL: http://mc.manuscriptcentral.com/tsed  Email: editor_ijse@hotmail.co.uk
International Journal of Science Education
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review Only
7. Were there any identifiable groups of students with needs that could be collectively addressed? 
 
It was in seeking to answer these questions that a broad range of research tools were developed. 
Initially pilot questionnaires were developed and focused discussions conducted to check on interpretation of 
questions and inform modification of the pilot questionnaire. The final questionnaire was then completed by 
student teachers close to the end of their main teaching practice and case studies involving structured 
interviews and observations of lessons with a sample of students from each of the partnerships carried out. 
The outcomes of this investigation have been reported in detail elsewhere (Twidle et al, 2006). 
The questionnaire was chosen as a key tool for the research as it allowed the researchers to gain a broad 
perspective across the institutions and gather such data year on year for comparison purposes. At the same 
time, the advantages of working with cohorts of student teachers meant that some of the problems associated 
with questionnaires, such as distortions arising through low returns, could be minimised through linking 
completion to times when the students were together in university sessions. Thus the questionnaire would 
provide data reflective of the entire cohort, some of a quantitative nature, which could be analysed year on 
year to see if there was evidence of changes in attitudes and practice. However, as well as ethical 
considerations, there are risks associated with using questionnaires with captive audiences, where there might 
be expectations of judgements being made in relation to particular responses, especially if the researchers are 
involved in working with the subjects of research in other ways. This is particularly acute where power 
relationships are involved, as with tutors and students on PGCE courses, and responses could relate to the 
work of the researchers involved. Efforts were made to minimise these effects by emphasising that completion 
was voluntary; making all responses anonymous and separating the collection process in the HEIs from any 
course assessment processes during the same period, something that was helped by doing the questionnaire 
near the end of the course so that no data was analysed before the students had left, further supporting 
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anonymity. Alongside this, the purposes of the research were made explicit to the students in course 
development terms, so that they could see the value of this for both themselves and future cohorts. 
The questionnaire itself contained two types of closed questions. First, descriptive ones, which allowed 
students to be categorised according to age, gender, subject specialism and home access to the Internet. These 
were categories identified by the original focus groups to examine question 7 from the research list. Secondly, 
questions using a four point Likert rating scale, designed to explore the type and frequency of their current use 
of the Internet, both at home and at school (question 1); their confidence in using the Internet (question 2); 
their perceptions of use by others in the science department at the school (question 3); their views on the 
potential of the Internet as a tool for learning (question 5); their views on their success in using the Internet to 
find information and as part of lessons (question 6).  In examining the frequency of use, a scale of: ‘never’, 
‘rarely’, ‘sometimes’, ‘frequently’ was employed. In examining success, the scale used was: ‘no success’, 
‘rarely successful’, ‘sometimes successful’, ‘usually successful’. Whilst for effectiveness the categories were: 
‘not effective’, ‘rarely effective’, ‘sometimes effective’ and ‘usually effective’. No further guidance was given 
for these categories. The Likert scale was employed as it is a relatively straightforward way to gain more 
precise information than that from dichotomous questions and tends to work well in allowing comparisons 
across sample sizes of above a hundred, where the impact arising due to different interpretations of terms such 
as ‘frequent’ by cases in the sample become less problematic (Oppenheim, 1992).  
In addition to the closed questions, further, more open, questions were used to look at: constraints to their use 
of the Internet, whether at home or at school; areas for development that would increase their use of the 
Internet (question 4 of the research) and details of their perceived successful use of the Internet (probing 
further into question 6). In setting these open questions, a similar, grounded basis to analysing the data was 
planned, in line with the approach for the structured interviews.  
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The structured interviews and observations of practice with a small sample of 11 students in year one brought 
triangulation procedures to the research and allowed for the questions to be probed in more depth. Here, non-
probability sampling was employed, with all but one of the students chosen through purpose. This was that 
they had made use of the Internet in a number of lessons and had viewed at least some of that use as 
successful. The reason for choosing this sampling technique was that it allowed an examination of ideas of 
‘success’ and ‘good practice’ and of the barriers that existed in more detail. In addition to probing the original 
questions there was a new or extended emphasis on: 
• the type of school the student attended for their main teaching practice, including the computer facilities 
and Internet access, and its impact on their views and practice; 
• student teachers’ perceptions of practice in the placement science department; 
• students’ use of the Internet in teaching, including types of use, groups, successes/failures, challenges, 
barriers to use related to specific topics and lessons; 
• students’ confidence at the end of the course, their future plans and needs. 
 
The structured interviews themselves explored the same areas as those in the questionnaires, in relation to 
specific lessons.  The lesson observations were conducted using an observation proforma. The details of this 
aspect of the research are part of other research, reported elsewhere (Twidle et al., 2006). However, they are 
referenced here as the outcomes served to inform the longitudinal study. Their use allowed for an insight to be 
gained into the detail of procedural issues; instructions and support; organisation of groups; layout of room; 
nature of task; interactions taking place and ends of lesson. It also brought a pupil perspective to the analysis, 
particularly in relation to success criteria.  
In years two and three, the questionnaire was repeated across institutions and further research conducted using 
case studies of the practice of two or three students in each institution (n = 12) (Childs, Twidle, Sorensen & 
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Godwin, in press). This was again a non-probability sample, but this time volunteers were selected to reflect a 
range of specialisms, ages and prior experience of using the Internet. The foci of the case studies were 
informed by the previous research outcomes as part of an iterative process. As part of the case studies, 
structured interviews were conducted with the students, with a similar focus to those conducted in year one, 
but also including an overall perspective of practice. This allowed for further comparative data to be gathered 
and inform the longitudinal study. These processes were repeated again in year four in four of the HEIs, while 
further research was conducted to examine the way tutors, mentors and student teachers work together in 
developing use of the Internet. The outcomes of this work are not reported here, but interviews with student 
teachers were again conducted as part of the longitudinal study and triangulation processes. 
The analysis of outcomes from each year of the study was used to inform practice in the participating 
institutions in the following year. Thus, alongside the research into attitudes and practice have been course 
developments designed to support students in developing their practice. This has included modifications to 
sessions at the HEIs, the development of web-based materials to support students and discussion of research 
outcomes with mentors and students. Thus, in examining the data there have been opportunities to look at the 
impact of such changes on later cohorts. However, the research was not designed in such a way as to attempt 
to examine any causal relationships. 
Overall, then, the questionnaires were used to gather data that allowed changes in attitudes and practices to be 
discerned, whilst the structured interviews, observations and case studies allowed for some deeper insight into 
practice. The latter have also been used to illustrate trends identified through the questionnaires.  
 
Data analysis, results and trends 
The discussion of the results of the data analysis is structured around the responses to the questionnaires that 
were conducted over four years. The case study data are used to illuminate the questionnaire data and support 
Deleted: ,
Deleted: funded in part by Escalate and 
involving more case studies, 
Page 10 of 39
URL: http://mc.manuscriptcentral.com/tsed  Email: editor_ijse@hotmail.co.uk
International Journal of Science Education
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review Only
further discussion. Thus the starting points are presented in relation to the first year’s data and any trends then 
referenced and discussed. 
The return rates on the questionnaires were, as expected, high. In the first year this was 82%, and in each of 
the following three years, in excess of 90%, with an average of 93% of those completing the courses. The 
lower figure in year one was due to one institution allowing the questionnaires to be returned by post. Thus 
there is high confidence that the data is a fair reflection of the views of the overall cohorts of those completing 
their PGCE courses, within the limitations of the tool itself and questions posed. The main findings from year 
one are considered first before moving on to the longitudinal study. 
At the start of year one it was felt that question 6 from the earlier list, concerning whether there were any 
identifiable subgroups within each cohort with particular needs in relation to supporting their use of the 
Internet, was an important one. If this were the case, it would allow such groups to be targeted in successive 
years and subsequent data gathered in relation to impact on practice. However, analysis of the year one data 
showed no differences in beliefs, attitudes and practice on the basis of age, gender, subject specialism or home 
access to the computer. This analysis, which sought to determine differences in attitudes, practice and beliefs 
of the different cohorts, was repeated using the data in successive years and it has remained the case that no 
differences have been detected. This has meant that there has been no attempt to develop particular targeted 
provision for specific groups. It has been beyond the scope of the research to determine whether there are 
other specific categorisations that affect the way student teachers start their engagement with Internet use in 
teaching. 
In terms of headline points that arose from the year one data it was clear that:  
• whilst most student teachers felt that they had basic competence in Internet use, there was a need for 
some training in terms of operational skills for a few; 
• the potential for the Internet to motivate pupils and promote learning was seen by most students; 
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• use of the Internet in many HEI partnership schools was fairly limited and there were few, if any, good 
role models in the schools; 
• the student teachers felt they needed more support in terms of the pedagogy of Internet use and felt 
relatively ill prepared in this regard. 
 
Alongside the expected concerns about the hardware, software, access, reliability and support systems in the 
schools, three significant barriers were identified: 
1. a lack of knowledge of suitable sites and huge range of sites available of varying quality, making 
searching very time-consuming; 
2. a lack of knowledge of what contributed to an effective web-based lesson;  
3. a lack of sufficient role models within partnership schools who could provide student teachers with 
examples of and advice upon how to deliver suitable lessons.  
The identification of these particular barriers led to action in terms of the PGCE courses, which may or may 
not have had an impact on the trends reported below. This issue is returned to in the final section. 
In order to examine trends from the closed questions in the questionnaire data across the four years, simple 
quantitative methods were employed. The Mann-Whitney, U, test was used to make year on year comparisons 
and Kruskal Wallis to make comparisons across the four years, where data were available for all four years, 
and across three years where this wasn’t possible, due to some modifications of the questionnaire after year 
one. The modifications were part of the iterative process and related to the collection of further data felt useful 
and, in one case, the changing of the way a question was asked to remove possible ambiguity. The statistical 
tests used were chosen in view of the non-parametric basis of the statistics gathered in the questionnaires. The 
Kruskal Wallis test allows for conclusions to be drawn about the overall trends, with Mann-Whitney, U, 
allowing for particular changes to be considered between particular years, where this might be considered 
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significant. Summary data tables are presented as comparisons across either four years or three years 
according to the data available, with accompanying Kruskal Wallis statistics tables. Tables 2 and 3 refer to 
items and significances over four years, Tables 4 and 5 to those over three years. The codes 1 – 4 at the top of 
the statistics tables are left general, with their meaning indicated in the sections below discussing the 
particular trends. For questions used over three years with a Yes/No answer (see Table 4), codings of 0/1 or 
1/2 are used and the value of these is made clear in the analysis. Where detail of numbers and percentages 
helps illustrate particular points, these are included within the discussion. The question numbers in the tables 
are those from the questionnaires and are listed in Appendix 1.  
 
[Insert Tables 2, 3, 4 and 5 here] 
[Insert Appendix 1 at the end] 
As a general point arising from the data, it is worth noting that the Mann Whitney analysis showed that there 
were significant changes for some items from years one to two and two to three but no significant changes 
discernible for any of the areas between years three and four. As the ones that do change can be explored 
through the Kruskal Wallis tests, the Mann Whitney tables are omitted. In presenting percentages in the 
discussion, comparisons are made between the baseline data of y ar one and the average of years three and 
four where this is considered helpful in illustrating the changes. In all cases where this is done, the Kruskal 
Wallis test indicates significance across the four year samples. 
The outcomes which follow are presented according to the questions which framed the research and the 
categories from the questionnaire. In each case the questionnaire data and analysis is used first and the case 
studies are then used to exemplify the points made. 
 
Perceptions of confidence in searching the Internet 
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Two questions were asked here, with responses limited to ‘novice’ ‘competent’ or ‘expert’ categorisations. 
Question 1a examined competence in using search engines and 1b examined competence in using search 
phrases within a search engine. In terms of the search engines, there has been a growth in those considering 
themselves expert over the four years (p< 0.01), leveling off in year four. Less than 1% of student teachers 
have declared themselves novice in the latter three years. The move towards viewing themselves as expert in 
using search terms was less pronounced but there was also evidence of some progress here (p<0.05).  
 
Access at home 
This relates to question 2 and there has been no significant change here, with between 80% and 90% having 
access at home. In terms of course expectations, it meant that the remaining student teachers needed to rely on 
the university or school for access. In support of this, access for student teachers at school is a requirement of 
partnership. As indicated earlier, lack of access at home does not seem to have been a significant factor in 
student teachers’ use in teaching and learning. Interviews with those in this position showed that they had 
generally found a way round this via friends, family or close proximity to HEI facilities.  
 
Use of the Internet away from school 
Here frequency of use of the Internet for four particular purposes was explored, using a response spread of 
‘never’, ‘rarely’, ‘sometimes’, and ‘frequently’.  Question 3a looked generally at use for lesson preparation 
and a marked trend was evident (p<0.001), with year on year increases in use from 42% making frequent use 
in year one to 68% in year four and only 6% reporting little or no use by year four. In terms of preparation of 
self-study materials for pupils (including web quests and worksheets that take pupils to one or more sites), 
question 3b, a similar trend was evident (p<0.001), with a rise from 13% making frequent use to an average of 
30% in years three and four, though 30% continued to make little or no use in this respect in year four. The 
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pattern of use for the preparation of interactive study materials for pupils (requiring them to respond or input 
data and receive a response, e.g. a quiz) was also clear (p<0.001%) but here starting numbers for frequent 
users were only 8%, moving to an average of just over double this in the latter two years. In this case an 
average of just over 41% continued to make little or no use for this purpose. The final question examined use 
for pure interest and there was also an increase here (p<0.01), this time from a stronger starting point with just 
under three quarters of the cohort now frequent users for their own interest and leisure purposes. 
 
Use of the Internet at school 
The same four questions relating to home use were also used in relation to use at school outside of the 
classroom (questions 4a – 4d). Here significant trends (p< 0.001) were seen in all cases, in the same direction 
of increasing use as for that seen at home. Unsurprisingly, the figures for school use were lower in all cases. 
However, from a base of 44% making little or no use of the Internet at school for lesson preparation, this had 
reduced to an average of only 13% in years three and four. Again, less of the students were using the Internet 
for producing study materials for pupils.  
 
Student teachers’ use of the Internet in lessons 
 
This area was probed over three years only. Question 7a simply sought to determine whether student teachers 
had ever used the Internet in a lesson on teaching practice. Here the number who had had remained static at 
around 90%. Whilst this is high, expectations on the course are that all make some use in the classroom, so 
either a stubborn 10% of schools are not providing the opportunity or some students are avoiding use. In 
addition the case studies indicated that even for those who had made some use of the Internet, this was often 
fairly limited. Whilst this sample was not representative, overall the nature of its selection each year, not least 
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the voluntary basis of such processes, meant it was likely to be skewed towards those who had tended to make 
more use of the Internet rather than less. Thus it seems likely that student teachers’ use of the Internet in the 
classroom remained fairly light. 
 
 Questions 7b1-7b3 sought to probe the type of use, respectively as a demonstration tool, for individual pupil 
research or for extraction of information from specific sites. Here the use for research and finding information 
had started fairly high, with both above 70% and there had been little change. However, a significant growth 
in the use as a demonstration tool (p<0.01) could be seen, from 36% in year two to 57% in year four. A 
further category of open question was also included here, allowing student teachers to mention other uses, and 
there was evidence of a broader range starting to appear, supported by further mentions of interactive sites, 
games, models, simulations and access to live events and news items during interviews and within the case 
studies. 
 
Question 7c examined views of successful use in lessons, with a scale of ‘no success’, ‘rarely successful’, 
‘sometimes successful’ and ‘usually successful’. Here responses have remained similar, with about 95% 
reporting ‘sometimes’ or ‘usually successful’. However, within this figure those who only report ‘sometimes’ 
remain at about a third. The questionnaires did not attempt to determine the basis of the success criteria 
applied by the student teachers. However, this has been a significant part of the work of the case studies and is 
referenced in the later discussion. 
 
Finding Information 
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Question 10 examined success rates in searching the Internet and the responses here have remained high and 
positive, with approaching 90% saying they were ‘usually successful’ and no one reporting little or no 
success. 
 
Potential of the Internet as a tool for teaching 
This was probed in question 12 and the figures have remained fairly constant. This shows that only a very 
small number of students remain unconvinced of its potential, but on the other hand only about half  see it as 
‘usually effective’. This issue is returned to in the discussion. 
 
Science teachers’ use of the Internet in partnership schools 
Two questions were asked in relation to student teachers’ perceptions of frequency of use by teachers in the 
science department. Question 5 concerned use with classes and question 6, only used for the latter three years, 
use in planning. It was recognised that these were likely to be difficult things for the student teachers to judge 
but overall patterns could give some insight into departmental practice. The analysis showed that perceptions 
of use of the Internet by teachers in the classroom had remained little changed over the four years, with some 
evidence of a slight increase in use but not of statistical significance. Thus close to half were seen as making 
little or no use of the Internet with their classes and only an average of about 10% seen as frequent users.  
However the data over the last three years concerning lesson preparation showed that there was an increase 
(p<0.001) but the teachers who were frequent users at school were only about 13%, less than a third of the 
figure for the students. This is hardly surprising given that preparation time for teachers is at a premium. The 
data were probed in more depth in the structured interviews, where it was apparent that the student teachers 
were often taking a lead within a department. Again, this is an issue discussed later. 
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Factors preventing students from using the Internet in schools 
This was an open question and broad categories were assigned to responses using a grounded approach in the 
analysis. The analysis is presented in Table 6.  
[Insert Table 6 here] 
The data from the structured interviews was used to help interpret answers where it was difficult to classify 
responses. Thus a response of ‘lack of access’ could mean the computers with Internet access did not exist or 
there were problems booking them or they were a long way from normal teaching rooms or, indeed, a mixture 
of such interpretations. In this case, interviews showed that booking rooms was the biggest of these issues but 
clearly this would not be a problem if there were more resources. Thus the first two categories of the table 
overlap considerably.  
 
The data show similar patterns across the years, with an increase in the number of comments made in the first 
three categories over the first three years, with a slight but not statistically significant fall in year four. 
However, in view of the nature of the way this data were collected no attempt is made to suggest a trend here, 
except to say that problems of resources, access and reliability do not seem to be going away despite the 
increased provision going into schools. Possible reasons for this are indicated in the discussion. 
 
Areas for development that would increase the use of the Internet for teaching 
This was also probed by an open question. Here the number of students who commented each year was 
similar, about two thirds, and the distribution of comments was also similar. Thus, as indicated in the 
outcomes of the framing research, about half the worries concerned resources, rooming, reliability and speed 
of access, while the other concerns were for improved knowledge of sites and more guidance and expertise to 
support. In terms of the latter concerns, this seems to indicate that the initial attempts by course tutors to 
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improve preparation have had little impact. Again, possible reasons for this are discussed later. However, 
there is one piece of information from the questionnaire which is encouraging in this respect. One of the 
questions used in the questionnaire probed which search engines the students used most often. In years one 
and two, only six different search engines were mentioned, growing to nine by year three and even then, of 
the nine, only three were mentioned by more than 10 of the cohort, with 95% citing Google. However, in year 
four, the number of sites mentioned had increased by a factor of eight, to 72, many of which were science 
specific sites and mentioned several times and only 45% mentioned Google. Several also wrote ‘too many to 
mention’, something not seen before. Thus awareness of directly useful science sites seems to have increased. 
 
Discussion and Conclusions 
The main focus of this paper is a consideration of the trends determined in the beliefs, attitudes and use of the 
Internet by student teachers. The research has been conducted against a background of a strong government 
focus on the use of ICT in general and use of the Internet in particular, with strong expectations imposed on 
the HEI partnerships. There are clearly positive trends identified through the quantitative data and these are 
discussed below in the light of the baseline data from the first year of the research. However, the more 
detailed probes into practice show that use remains fairly limited and there is not a clear understanding of 
what constitutes good use of the Internet. The issues arising from this evidence are developed in the latter 
sections of the discussion. 
It is clear that most student teachers from these institutions regard themselves as competent in their own 
ability to use the Internet as they finish their courses. The research did not attempt to gather baseline data in 
terms of prior perceptions of competence but analysis of ICT audits at the start of the course from one of the 
participating institutions showed that over 96% viewed themselves as at least competent in using search 
engines and phrases. This is reflected in the fact that beginners’ sessions on the Internet were abandoned in 
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that institution even before this particular research started (2001). Researchers in the other participating HEIs 
report similar findings. In addition, the data show that there have been developments in such confidence over 
the four year period. At the same time, student teachers use the Internet more, both in and away from school, 
are aware of and access a broader range of sites and make more use of the Internet with pupils beyond basic 
research tasks. 
Set against this, the student teachers continue to face considerable obstacles in seeking to make use of the 
Internet and there is relatively little evidence of more practice being seen in partnerships schools. There are, of 
course, stark exceptions to such generalisation and one of the challenges for the HEI partnerships is how to 
develop systems which share good practice, both within and across partnerships. This is the more so as studies 
such as Impact2 indicate ‘a significant statistical relationship between ICT and achievement…in science at 
Key Stage 3, and…at Key Stage 4’ (Harrison et al., 2002, p6) and argue, therefore, for ‘action to reduce the 
digital divide’ (p7). 
The student teachers’ continued concerns over resources may seem a little surprising as the DfES (2003a) 
statistics show a big rise in provision over the period and the students often showed awareness about such new 
resources during interviews. However, there are a number of possible explanations for this. First, the HEIs 
were putting more stress on Internet use, thus possibly raising expectations of use in schools. Secondly, as 
schools themselves developed expertise, this might mean more teachers seeking to access computer rooms. 
Thirdly, Ofsted inspectors, advisory teachers and the national science strategy guidance all increased 
expectations of teachers, thus pressurising resources. Fourthly, as technology improves, so do our 
expectations of it. Today’s ‘slow server’ may be ten or a hundred times faster than yesterday’s or, indeed, 
capable of doing things that yesterday’s could not do at all. However, the reference points of the students 
involved do not necessarily relate back to the older technology and instead tend to be based on the current 
potential, thus things could always be better from this perspective.  
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In seeking to understand some of the reasons for the limited progress seen, it is instructive to examine some of 
the underlying issues further. In the following discussion such issues are considered in relation to: the 
government agenda concerning modernisation of schools and improving standards; the emphasis on 
technology rather than pedagogy; cultural perspectives; and continuous professional development issues. 
Finally the impact of such issues on the nature of initial teacher education is considered in seeking to 
determine a way forward. 
In terms of the modernising agenda the figures presented at the start of this paper show that in England, as in 
other countries, there is a clear commitment to developing the use of ICT in schools. However, several 
authors have commented on the lack of integrated thought given to the application of ICT in schools and a 
lack of appropriate assessment tools to accompany such changes (Leach & Moon, 2000; Hennessy, Ruthven 
& Brindley, 2005). The arguments made here lend further weight to earlier points concerning centralised 
approaches with a strong emphasis on the technology and much less on the learning. The impact of this in 
terms of the practice both seen by our students and then, in many cases replicated in lessons analysed in the 
case studies, was clear to see. Thus the talk is often of ‘doing an Internet lesson’ first and any thoughts about 
learning issues a poor second: the theory – practical divide revisited as an ‘on the computers’ – ‘other lessons’ 
split. This was manifested in the science objectives tending to get lost in lessons and a sense of some students 
still simply ‘doing an Internet lesson’ because it was an expectation rather than seeing it as a tool to draw on 
in supporting learning.  This was particularly likely to be the case where departments were more limited in 
their practice. Thus the same challenge exists for practising teachers as for beginning teachers, in line with the 
comments from several authors on the degree of challenge provided by the implementation of new 
technologies in general (e.g. Selwyn, 1999; McCormick & Scrimshaw, 2001).  
In terms of cultural perspectives, the introductory section shows that change is difficult to achieve and most 
likely to occur when there are collaborative processes in place and practitioners willing to actively engage 
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with the pedagogic issues.  Thus, Lave and Wenger’s (1991) arguments for situating learning in forms of 
‘social participation’ and actually engaging in the process, which they term ‘legitimate peripheral 
participation’, can be applied to the situation of student teachers in the practicum. However, the research trend 
indicated in the results has been one where we have not seen an increase in use by practising teachers and thus 
the active engagement and social participation has not often been enacted. Indeed, in-depth discussions 
concerning the role of the Internet in supporting teaching and learning, involving mentors and student 
teachers, have not been common in the cases studies underpinning this research. Thus while the importance of 
the mentors in supporting the student teachers is stressed as key in much of the literature (e.g. Galanouli & 
McNair, 2001; Cuckle & Clarke, 2002) it appears from this research that many of the teachers in the 
collaborating schools are not in a position to provide such support in relation to the Internet. 
This brings us to the whole issue of what good professional development might look like. There is much 
research in this field, including a recent review in relation to science by Bishop & Denley (2005). The 
outcomes of this review are in accord with other, more generic reviews and the lessons learned have been 
summarised by work in Queensland (QSITE, 2004) in examining the efficacy of different professional 
development models. They argue that professional development:  
1. must support teachers’ lifelong learning through reflection (practice to theory) - personal growth. 
2. must improve teaching practice through action (theory to practice) - context. 
3. should foster active membership and collegiate relationships within professional communities - 
community. 
4. professional development should consider the need for timeliness and reflection over time for practising 
teachers - time.  
What are the issues, then, for initial teacher education in the light of the four issues outlined above? One 
critique of current practices in many countries is the separation of theory and practice inherent in the structure 
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of the courses. Thus there is a sense in which the disjuncture between HEIs and schools serves to mitigate 
against collaborative approaches, even in England where partnership arrangements are closer than many other 
countries. In line with this, some of the students, in considering the barriers to Internet in both the 
questionnaire and case study research, felt that sessions conducted at the university seemed far removed from 
the realities of the school in which they were teaching. At the same time there is not a shared language of 
pedagogy, involving the student teachers, tutors and cooperating teachers, in which to consider possible 
changes arising from new technologies. It is also the case that initial teacher education has tended to be seen 
as separate from continuing professional development as it takes place in schools. Thus attempts to develop 
use at the HEI level may not fit with perceived needs within the schools, even if the HEI expectations are in 
line with national expectations. This analysis of the issues indicates that the four areas cited as important for 
successful professional development are, in many cases, in need of considerable development. How can 
student teachers reflect (‘practice to theory) if there is a lack of understanding of the theory? How can they 
improve through action (‘theory to practice’) if there is limited context in which to carry this out and lack of a 
‘community’ in which such action can be based?   
The issue of the lack of clarity in relation to good pedagogical practice is one that has been raised in both the 
questionnaire research and the more detailed case studies. It is clear from this research that there is relatively 
little innovative practice seen in the HEI-school partnerships involved in these partnerships. This is clearly not 
a problem that is unique to these schools as the literature review at the start has indicated. However, there 
have been some projects reported internationally which have sought to address such problems. Thus Linn 
(2003), reviewing trends across twenty five years of developments in the use of technology, noted that whilst 
many students continue to be educated on programmes that make very limited use of the potential of the 
technologies, there is more innovative practice in some settings. In her own work designing Knowledge 
Integration Environments (KEIs) she has stressed the need to develop a ‘partnership enquiry process’ to such 
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development, drawing ‘successful pedagogical principles’, and involving ‘natural scientists, science education 
researchers, technologists and classroom teachers (Linn, 2000 p781) and this approach is at the core of further 
work in the development of the Web-based Inquiry Science Environment (WISE) (Linn, Clark and Slotta, 
2003). The approach in the HEIs involved in this research has been to seek to develop understandings of the 
pedagogical issues relating to use of the Internet and foster collaborative practices between HEIs and schools, 
drawing on the work with KEIs (Childs et al, in press). The evidence from the trends seen in our research 
shows that this may have had some impact without really being in any sense transformative in changing 
pedagogical practice. Moreover, it has been noted that the changes from year three to four have not been 
significant and the reason for this may well be that much more is needed in terms of fostering collaborative 
approaches within the context and community of schools.  
The conclusion that much needs to be done for pedagogical practice to change reflects the evidence from the 
review of literature in the introduction and this is reflected on an international scale. Thus, in examining 
public schools in Cyprus, Vrasidac and McIsaac (2001) argue for reform of teacher education programmes to 
support technology integration but Angeli (2005) found that implementing instructional design models 
specifically intended to change practice requires  a sustained commitment, concluding that ‘students will be 
able to effectively develop the competencies needed to teach with technology only when teacher educators 
systematically infuse technology throughout the teacher education curriculum’ (p395).  
Further support for the collaborative arguments outlined in this discussion can be found in the work of Clift, 
Mullen, Levin and Larson (2001). In their research on the integration of technology into teacher education 
programmes they argue for the importance of support for all teacher education participants, including faculty, 
in seeking to change practice. At the same time they also note that the potential for beginning teachers to act 
as change agents is often cited but rarely planned. They therefore argue for ‘more deliberate programme 
designs in which occasions for mutual learning and the sharing of expertise are emphasized’ (op. cit. p48). 
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Such structures are ones that might serve to overcome some of the difficulties faced by the student teachers in 
this research. Thus the next phase of our work is to develop collaborative use of the Internet involving student 
teachers, mentors and tutors, with a view to producing support materials and disseminating good practice 
across partnerships and between HEIs.  
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Table 1: Details of numbers involved in the phases of the research 
 
Phase Questionnaires Focus Groups Case Studies 
Year 1  n = 15 (pilot) 
n = 128 
5 groups at each HEI 
centres plus 
12 student teachers  
discussing 
questionnaires 
11 (student 
teachers only) 
Year 2 n = 151  12 (student 
teachers  
only) 
Year 3 n = 153  
Year 4 n = 166  
5 (student 
teachers and 
their  
mentors) 
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Table 2: Comparison statistics for questionnaire items used over years 1 – 4  
 
           Code  1 2 3 4 
Question Year Count % Count % Count % Count % 
1a 1 4 3.1% 83 64.8% 41 32.0%     
 2 1 .7% 89 59.3% 60 40.0%   
 3 1 .7% 69 45.1% 83 54.2%   
 4 1 .6% 91 55.2% 73 44.2%   
1b 1 10 7.8% 87 68.0% 31 24.2%     
 2 6 4.0% 100 66.7% 44 29.3%   
 3 6 3.9% 85 55.9% 61 40.1%   
 4 5 3.0% 109 66.1% 51 30.9%   
2 1 105 82.7% 22 17.3%         
 2 133 88.1% 18 11.9%     
 3 122 80.8% 28 18.5% 1 .7%   
 4 146 88.0% 20 12.0%     
3a 1 8 6.8% 20 16.9% 41 34.7% 49 41.5% 
 2 2 1.4% 9 6.5% 51 37.0% 76 55.1% 
 3 6 4.2% 8 5.6% 39 27.1% 91 63.2% 
 4 8 4.8% 2 1.2% 43 25.9% 113 68.1% 
3b 1 27 23.3% 34 29.3% 40 34.5% 15 12.9% 
 2 16 11.7% 30 21.9% 57 41.6% 34 24.8% 
 3 15 10.6% 22 15.6% 57 40.4% 47 33.3% 
 4 22 13.3% 27 16.4% 72 43.6% 44 26.7% 
3c 1 45 38.5% 36 30.8% 27 23.1% 9 7.7% 
 2 30 22.7% 43 32.6% 38 28.8% 21 15.9% 
 3 19 13.3% 37 25.9% 56 39.2% 31 21.7% 
 4 32 19.5% 42 25.6% 64 39.0% 26 15.9% 
3d 1 9 7.7% 7 6.0% 34 29.1% 67 57.3% 
 2 3 2.2% 4 2.9% 34 24.6% 97 70.3% 
 3 4 2.8% 4 2.8% 28 19.6% 107 74.8% 
 4 8 4.8% 4 2.4% 31 18.7% 123 74.1% 
4a 1 30 23.4% 27 21.1% 50 39.1% 21 16.4% 
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 2 11 7.3% 21 14.0% 74 49.3% 44 29.3% 
 3 2 1.3% 14 9.3% 68 45.3% 66 44.0% 
 4 5 3.0% 21 12.7% 68 41.0% 72 43.4% 
4b 1 54 42.2% 44 34.4% 27 21.1% 3 2.3% 
 2 31 20.9% 53 35.8% 49 33.1% 15 10.1% 
 3 17 11.4% 41 27.5% 69 46.3% 22 14.8% 
 4 22 13.4% 43 26.2% 81 49.4% 18 11.0% 
4c 1 70 54.7% 35 27.3% 21 16.4% 2 1.6% 
 2 39 27.1% 58 40.3% 38 26.4% 9 6.3% 
 3 19 12.7% 48 32.0% 65 43.3% 18 12.0% 
 4 30 18.4% 51 31.3% 65 39.9% 17 10.4% 
4d 1 43 33.6% 22 17.2% 41 32.0% 22 17.2% 
 2 22 14.6% 38 25.2% 50 33.1% 41 27.2% 
 3 14 9.3% 40 26.7% 50 33.3% 46 30.7% 
 4 12 7.3% 40 24.4% 68 41.5% 44 26.8% 
5 1 19 14.8% 45 35.2% 49 38.3% 15 11.7% 
 2 18 11.9% 66 43.7% 58 38.4% 9 6.0% 
 3 8 5.3% 60 39.5% 65 42.8% 19 12.5% 
 4 13 7.8% 64 38.6% 74 44.6% 15 9.0% 
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Table 3: Kruskal Wallis significance results for questions used over years 1 – 4  
 
  
 
Question Chi-Square df Asymp. Sig. 
1a 14.427 3 .002 
1b 9.075 3 .028 
2 4.974 3 .174 
3a 26.695 3 .000 
3b 25.996 3 .000 
3c 32.679 3 .000 
3d 12.918 3 .005 
4a 61.510 3 .000 
4b 65.140 3 .000 
4c 77.582 3 .000 
4d 21.396 3 .000 
5 6.870 3 .076 
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Table 4: Comparison statistics for questionnaire items used over years 2 – 4  
 
 
           Code  1 2 3 4 
Question Year Count % Count % Count % Count % 
6 2     27 18.0% 59 39.3% 56 37.3% 
 3   8 5.4% 54 36.5% 67 45.3% 
 4   15 9.1% 55 33.3% 72 43.6% 
7a 2     136 90.1% 15 9.9%     
 3   140 92.1% 12 7.9%   
 4   148 89.2% 18 10.8%   
7b1 2 96 63.6% 55 36.4%         
 3 80 52.3% 73 47.7%     
 4 72 43.4% 94 56.6%     
7b2 2 34 22.5% 117 77.5%         
 3 33 21.6% 120 78.4%     
 4 47 28.3% 119 71.7%     
7b3 2 43 28.5% 108 71.5%         
 3 44 28.8% 109 71.2%     
 4 63 38.0% 103 62.0%     
7c 2     2 1.4% 3 2.2% 56 40.6% 
 3     4 2.8% 42 29.4% 
 4   1 .7% 4 2.7% 51 34.2% 
10 2         1 .7% 22 15.3% 
 3       22 14.6% 
 4       19 11.6% 
12 2         3 2.1% 75 52.1% 
 3     1 .7% 75 51.0% 
 4   1 .6% 3 1.8% 81 49.1% 
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Table 5: Kruskal Wallis significance results for questions used over years 2 – 4 
  
 
 Question Chi-Square df Asymp. Sig. 
6 15.628 2 .000 
7a .823 2 .663 
7b1 12.942 2 .002 
7b2 2.332 2 .312 
7b3 4.298 2 .117 
7c 4.216 2 .122 
10 1.342 2 .511 
12 .312 2 .855 
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Table 6: Barriers to use of the Internet 
Factor Year 1 
(n = 128) 
Year 2 
(n = 151) 
Year 3 
(n = 153) 
Year 4 
(n = 166) 
 No. % No. % No. % No. % 
Booking 
difficulties 
40 31 60 40 70 46 57 34 
Lack of 
computer room / 
resources 
19 15 35 23 48 31 49 30 
Technical 
problems / 
unreliability 
18 14 22 15 35 23 26 16 
Slow server 10 8 14 9 5 3 10 6 
No Internet 
access 
5 4 11 7 15 10 19 11 
Site blocks 5 4 6 4 5 3 11 7 
Administration / 
lack of pupil 
passwords 
5 4 3 2 2 1 3 2 
Discipline 5 4 10 7 5 3 7 4 
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Appendix 1: Areas examined in the questionnaire relevant to the research 
 
1a  Competence in using search engines 
1b  Competence in creating search phrases 
2.  Home Access 
3a  Regularity of use of the Internet at home for background research for lesson preparation 
3b  Regularity of use of the Internet at home to prepare self-study packages for pupils 
3c  Regularity of use of the Internet at home to prepare interactive study packages for pupils 
3d  Regularity of use of the Internet at home for students’ own interest 
4a  Regularity of use of the Internet at school for background research for lesson preparation 
4b  Regularity of use of the Internet at school to prepare self-study packages for pupils 
4c  Regularity of use of the Internet at school to prepare interactive study packages for pupils 
4d  Regularity of use of the Internet at school for students’ own interest 
5  Use of the Internet by other science teachers with classes while on teaching practice 
6 Use of the Internet by other science teachers in planning lessons while on teaching practice 
7a Use of the Internet during lessons  
7b Types of use of the Internet during lessons 
7c Success in using the Internet during lessons 
8 Barriers to use of the Internet 
9 Types of search engines used 
10 Rate of success in finding information on the Internet 
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